In the immune system, antigen-presenting cells (APCs) such as dendritic cells (DCs) function by engulfing antigens, processing them, and subsequently presenting them to CD4 + and CD8 + T cells via MHC class II and MHC class I molecules, respectively, leading to CD8 + cytotoxic T lymphocyte (CTL) responses. However, how these three cell populations precisely interact and how CD4 + T-cell signals are delivered to CD8 + T cells in vivo remain controversial. Based on the observation that the antigen recognized by CD4 + and CD8 + T cells must be carried by the same DC, several distinct models have been proposed. A "three-cell interaction model" was originally proposed for CD4 + T-cell dependent CTL responses, 1 according to which an antigen-specific DC must simultaneously interact with single antigenspecific CD4 + and CD8 + T-cell precursors (Fig. 1A) . However, as both antigen-specific CD4 + and CD8 + T-cell precursors are relatively rare, this three-cell interaction appears to be almost impossible. Thus, Ridge et al. proposed a "dynamic model of sequential two-cell interactions by APCs," according to which APCs must be first activated (licensed) by CD4 + T cells via CD40/CD40L interactions and then can directly stimulate memory CTL responses (Fig. 1B) .
In the immune system, antigen-presenting cells (APCs) such as dendritic cells (DCs) function by engulfing antigens, processing them, and subsequently presenting them to CD4 + and CD8 + T cells via MHC class II and MHC class I molecules, respectively, leading to CD8 + cytotoxic T lymphocyte (CTL) responses. However, how these three cell populations precisely interact and how CD4 + T-cell signals are delivered to CD8 + T cells in vivo remain controversial. Based on the observation that the antigen recognized by CD4 + and CD8 + T cells must be carried by the same DC, several distinct models have been proposed. A "three-cell interaction model" was originally proposed for CD4 + T-cell dependent CTL responses, 1 according to which an antigen-specific DC must simultaneously interact with single antigenspecific CD4 + and CD8 + T-cell precursors (Fig. 1A) . However, as both antigen-specific CD4 + and CD8 + T-cell precursors are relatively rare, this three-cell interaction appears to be almost impossible. Thus, Ridge et al. proposed a "dynamic model of sequential two-cell interactions by APCs," according to which APCs must be first activated (licensed) by CD4 + T cells via CD40/CD40L interactions and then can directly stimulate memory CTL responses (Fig. 1B) . 2 Trogocytosis (intercellular membrane protein transfer) is a common phenomenon between immune cells that plays an important role in immune modulation. 4 CD8 + and CD4 + T cells have been reported to acquire the immunological synapse-composed pMHCI and pMHCII complexes from activating DCs, respectively, via internalization and recycling of synapse components. 5 As we were the first to discover, in addition to pMHCII, CD4 + T cells also acquire pMHCI and CD80 molecules from DCs and can use these components of the antigen presenting machinery to directly exert helper effects onto cognate CD8 + T cells. This led us to propose a "new dynamic model of sequential two-cell interactions by CD4 + T cells-APCs" (Fig. 1C) . 6 This model is supported by recent evidences from other laboratories. 4 engagement would also be expected to result in a more efficient delivery of interleukin-2 (IL-2) and hence a more efficient CTL memory induction. Our study revealed the coexistence of direct and indirect mechanisms of T cell help for CTL responses in non-inflammatory situations, thereby reconciling previous conflicting studies. In addition, the CTL programming derived from licensed DCs, primed CD4 + T cells and DC-CD4 + T-cell clusters reflects microenvironments differing in signal strength, co-stimulation and cytokine levels. Such subtle differences could be one of the reasons of the T-cell heterogeneity that has been observed during memory T-cell development. 10 In summary, we conclude that CTL immunity is orchestrated by dynamic in vivo evidence for pMHCI-dependent direct CD4
+ -CD8 + T-cell interactions in the absence of DC-CD4 + T cell-CD8 + T cell ternary clusters.
Thus, our results provided for the first time physiologically relevant in vivo evidence that primed CD4 + T cells can directly orchestrate efficient CD8 + CTL responses, proposing a "new dynamic model of three-cell interactions for CTL responses" (Fig. 1D) . 9 According to such a dynamic model, CTL and memory responses do not depend on an antigenpresenting DC simultaneously engaging cognate naïve CD4 + and CD8 + T cells in an environment in which both of these latter cells are extremely scarce. Primed CD4 + T cells directly locked onto their CD8 + T-cell targets through acquired pMHCI/TCR and CD40/CD40L Figure 1 (See previous page) . A new dynamic model of three cell interactions. (A) the passive "three-cell interaction" model. A CD4 + t helper cell activated by a dendritic cells (DC) delivers interleukin-2 (IL-2) required for the activation of a CD8 + t cell that recognizes the same antigen presented by the DC. (B) the dynamic model of "sequential two-cell interaction by DCs." the cross-priming DC gets activated (licensed) by antigen-specific CD4 + t helper cell through CD40-CD40L interactions, and then acquires the ability to directly prime CtLs. (C) T cells? Our experimental approach provides a good opportunity to dissect these issues, and our future work proceeds in this direction. These discoveries may have great impact for the design of vaccines and immunotherapy strategies against cancer and autoimmune diseases.
